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ABSTRACT In 2003 and 2004, Þeld studies were conducted at three sites in Zhejiang Province in
China to assess the impacts ofBacillus thuringiensis(Bt)Berliner riceexpressing a fusedgeneof cry1Ab
and cry1Ac on nontarget planthoppers and leafhoppers. Populations in Bt plots were sampled with
yellow sticky card traps, Malaise traps, and a vacuum-suction machine, and compared with samples
from non-Bt control (IR72) plots. The results from yellow sticky card trap samplings indicated no
signiÞcant differences between Bt and non-Bt plots in the species composition or densities of each
species of planthopper and leafhopper. Three species of planthoppers, Sogatella furcifera (Horvath),
Nilaparvata lugens (Stål), and Laodelphax striatellus (Falle´n), were collected at all sites, and three
species of leafhoppers, Nephotettix cincticeps (Uhler), Thaia subrufa (Motschulsky), and Recilia
dorsalis (Motschulsky), were collected at Hangzhou. Another species of leafhopper, N. virescens
(Distant), was collected at Anji and Jiande instead of T. subrufa. The results from theMalaise trap and
vacuum-suction samples revealed no signiÞcant differences between Bt and non-Bt plots in species
structure of planthoppers and leafhoppers or in population changes of the predominant planthopper
species, S. furcifera, the predominant leafhopper species,N. cincticeps, orN. virescens throughoutmost
sampling dates. Densities of planthoppers and leafhoppers were signiÞcantly affected by year and site
but not by Bt rice. In general, our results suggest that the Bt rice line tested did not adversely affect
nontarget planthopper and leafhopper populations and will not lead to higher populations or damage
by planthoppers and leafhoppers.
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THE AREA PLANTED TO transgenic crops containing toxin
genes from Bacillus thuringiensis (Bt) Berliner, devel-
oped for control of selected lepidopteran or coleop-
teran pests, has increased 10-fold since the Þrst Bt
crops were released to farmers in the United States in
1996 (James 2003).Concerns havebeen raised regard-
ing the direct or indirect impacts that Bt crops may
have on various groups of nontarget organisms of eco-
logical and economic value through crop-plantÐbased
food chains (Snow and Palma 1997, Schuler et al.1999,
Poppy2000,Wolfenbarger andPhifer 2000,Obrycki et
al. 2001). Such concerns, however, have centered
mainly on natural enemies, including predators and
parasitoids, of targetornontargetpests ofBtcrops, and
little on nontarget herbivore sucking insects such as
planthoppers, leafhoppers, whiteßies, thrips, and
aphids,manyofwhichare important croppests (Shieh
et al. 1994, Lozzia et al. 1998, Riddick et al. 1998, Cui
and Xia 2000, Ashouri et al. 2001, Reed et al. 2001).
To date, numerous genotypes of Bt rice, Oryza sa-
tiva L. (Poaceae), have been developed, conferring
high resistance against stem borers and leaffolders
(Lepidoptera: Pyralidae) (Fujimoto et al. 1993,Wu¨nn
et al. 1996, Ghareyazie et al. 1997, Nayak et al. 1997,
Wu et al. 1997, Cheng et al. 1998, Datta et al. 1998, Tu
et al. 1998, Shu et al. 2000). Bt rice has not yet been
released to farmers, but Þeld trials have been con-
ducted in China since 1998 (Tu et al. 2000, Ye et al.
2001a, b, 2003). However, there has been little pub-
lished research about the impact of Bt rice on non-
target organisms. Bernal et al. (2002) reported that
there were no signiÞcant negative effects of Bt rice on
the Þtness parameters of the brown planthopper, Ni-
laparvata lugens (Stål) (Homoptera: Delphacidae),
and its predator, Cyrtorhinus lividipennis Reuter
(Hemiptera: Miridae), under laboratory conditions.
We also found that Bt rice did not adversely affect
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predation by the wolf spider, Pirata subpiraticus
Boesenberg and Strand (Araneida: Lycosidae), on its
prey reared on Bt rice, including a Bt rice target spe-
cies, Cnaphalocrocis medinalis (Guene´e) (Lepidop-
tera: Pyralidae), and a Bt rice nontarget species, N.
lugens (Liu et al. 2003a). The oviposition preference
of N. lugens was not affected, but signiÞcantly less
feeding occurred on Bt rice under laboratory condi-
tions (Chen et al. 2003). In addition, preliminary stud-
ies, conducted with the aid of vacuum-suction sam-
pling, found no marked differences between plots of
twoBt rice lines andacontrol line inpopulationsof the
main nontarget insect pests and Þve common spider
species (Liu et al. 2002) or in the structure of the
arthropod community (Liu et al. 2003b). The effects
of Bt rice on nontarget sucking insects such as plan-
thoppers (Homoptera: Delphacidae) and leafhoppers
(Homoptera: Cicadellidae) in the Þeld remain unde-
Þned.
In Asia, planthoppers and leafhoppers are two im-
portant groups of rice insect pests. Some species such
as N. lugens, the white-backed planthopper, Sogatella
furcifera (Horvath) (Homoptera: Delphacidae), and
the green leafhopper, Nephotettix cincticeps (Uhler)
(Homoptera: Cicadellidae), often cause more yield
loss than either stem borers or leaffolders through the
removal of plant sap and by vectoring rice viruses
(Dale 1994, Pathak and Khan 1994). It is clear that Bt
rice lines will be undesirable if they promote signiÞ-
cantly higher populations and damage by planthop-
pers or leafhoppers. Therefore, scientiÞcally sound
risk assessments on the impacts of Bt rice on the
population dynamics of these important nontarget
sucking pests in the Þeld are critically needed before
releasing Bt rice to farmers. We report the results of
a 2-yr Þeld study conducted at three sites in Zhejiang
Province of China to evaluate the potential impacts of
Bt rice on planthopper and leafhopper populations
using three different sampling methods.
Materials and Methods
Plant Material. Transgenic rice homozygous line,
TT9Ð3 at the 9th and 10th generation after transfor-
mation, was chosen for Þeld evaluation in 2003 and
2004, respectively, togetherwith its nontransgenic pa-
rental indica rice cultivar IR72. The transgenic line
was developed through the biolistic method. It con-
tains a fused Bt gene that was made from cry1Ab and
cry1Ac after optimization of their codon usage to
match the highGC content in rice and is under the
control of the rice actin1 promoter (Tu et al. 1998).
The line is effective against rice stem borers and leaf-
folders under laboratory (Tu et al. 1998) and Þeld
conditions (Ye et al. 2001a).
Field Planting.The experimentswere conducted in
2003 and 2004 at three sites in Zhejiang Province of
Chinawhere planthoppers and leafhoppers occur nat-
urally during rice growing seasons. Each year, trans-
genic and nontransgenic control plants were sowed
and transplanted in three batches. The Þrst batch was
sown on 10 April and transplanted on 10 May at the
local experimental Þeld in Anji County (119.35 E,
30.88N). The second batchwas sown on 21 April and
transplanted on 21 May at the local experimental Þeld
outside Jiande City (118.99 E, 29.30 N). The third
batchwas sownon27Mayand transplantedon27 June
at the Experimental Farm of Zhejiang University at
Hangzhou (120.12 E, 30.13 N). Each Þeld was di-
vided into six experimental plots in a 2 (treatments, Bt
versusnon-Bt)3(replications) completely random-
ized design. Each experimental plot was 20 by 35 m2
in Anji County and Jiande City and 20 by 25 m2 in
HangzhouCity. Eachplotwas borderedon all sides by
a 50-cm-wide unplanted walkway. Seedlings were
hand transplanted at one seedling per hill spaced 16.5
by 16.5 cmapart, and the entire experimental Þeldwas
surroundbyÞveborder rows of nontransgenic control
plants. Normal cultural practices, such as fertilization
and irrigation, for growing rice were followed during
the course of the experiment except that no insecti-
cide was applied after sowing and transplanting.
Sampling by Yellow Sticky Card Trap. The yellow
sticky card trap developed by Pearsall and Myers
(2001) was used to monitor dispersal of planthopper
and leafhopper adults between Bt and non-Bt plots.
The dispersal studies were carried out at the Hang-
zhousite from24 July to24September2003and28 July
to 28 September 2004. Tomeasure vertical variation in
dispersing adults, yellow cards (25 by 30 cm2 each)
were clamped on a wooden stake at 35 (low), 70
(medium), and 105 cm (high) above the ground. Be-
fore placing the traps in the Þeld, each card was uni-
formly smeared with a glutinous liquid made by boil-
ing a 10:2:1:1 (by weight) mixture of rosin, castor oil,
glycerol, and sucrose, respectively. Ten traps were
placed in each walkway between plots of Bt and
non-Bt rice at intervals of 2.0 m. Traps alternately
faced toward the Bt and non-Bt plots. Traps were
collected and replaced every 2 d, expect on rainydays.
Planthoppers and leafhoppers captured by the traps
were identiÞed and counted directly on the card with
the aid of a dissecting microscope.
Sampling by Malaise Trap. Malaise trapping of pl-
anthoppers and leafhoppers was conducted at the
Hangzhou site. Insects were collectedwith a head vial
containing 500 ml of 75% ethanol (Walker 1978). The
Malaise traps were 2.0 m long by 1.5 m wide by 1.8 m
high.OneMalaise trapwasplacedat thecenterofeach
tested plot, enclosing 96 rice hills (a hill is a group
of several tillers grown in one hole). The ethanol head
vials containingcapturedarthropodswerecollectedat
0800 hours each day and replaced by new ones. Pl-
anthoppers and leafhoppers in the samples were
sorted and counted in the laboratory with the aid of a
dissecting microscope. Sampling was initiated 5 wk
after transplanting and lasteduntil the riceplantswere
fully grown.
Sampling by Vacuum-SuctionMachine.A vacuum-
suction machine was used for sampling at all test sites
to estimate seasonal patterns in population dynamics
of planthopper and leafhopper nymphs and adults in
Bt and non-Bt plots. The machine was based on that
described by Carino et al. (1979), but was supple-
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mentedwith a square sampling frame (50 cmby 50 cm
by 90 cm high; planar area, 2,500 cm2) made of mylar
sheets to encompass nine rice hills. Samples were
taken in all plots on a 15  1 d schedule beginning 1
mo after transplanting and continuing until the rice
reached fullmaturity.On each sampling date, a square
sampling framewas placed at randomalong a diagonal
of each plot at each tested location, and Þve samples
were taken per plot. Sample locations in each plot
were marked with bamboo stakes left in place for the
next samplingdates, duringwhich themarked location
was not sampled again. Arthropods inside the frame
enclosure that were collected by the vacuum-suction
machine were ßushed into a labeled glass vial con-
taining 75% ethanol. Samples were taken returned in
the laboratory for sorting and counting of planthop-
pers and leafhoppers.
In both years, there were Þve sampling dates at the
Anji site and seven sampling dates at the Jiande and
Hangzhou sites.
Data Analysis. Densities of planthopper and leaf-
hopper species collected by vacuum-suction through-
out the sampling period between Bt and non-Bt plots
at all of three sites were analyzed using repeated
measures analysis of variance (ANOVA). Differences
in numbers of the predominant species [S. furcifera
andN. cincticeps orN. virescens (Distant)] betweenBt
and non-Bt plots at each site collected by vacuum-
suction were analyzed by StudentÕs t-test. Compari-
sons of numbers of the predominant species (S. fur-
cifera and N. cincticeps), collected by yellow sticky
card and Malaise trap throughout the entire sampling
period between Bt and non-Bt plots, were carried out
using theMann-WhitneyU test, because capture vari-
ances for the two methods were not homogeneous
(P 0.05). All statistical calculations were performed
using the STATISTICA software package (StatSoft
1994). For all tests,   0.05.
Results
Population Composition and Density of Planthop-
pers and Leafhoppers. In both 2003 and 2004, the
species composition of planthopper and leafhopper
groups in Bt and non-Bt rice plots at Hangzhou was
very similar, although the mean proportion of each
species throughout the entire sampling period varied
numerically among plots, years, and sampling meth-
ods. All three samplingmethods collected two species
of planthoppers, namely the white-backed planthop-
per, S. furcifera, and N. lugens, and three species of
leafhoppers, namely, the green leafhopper, N. cincti-
ceps, the white-winged leafhopper, Thaia subrufa
(Motschulsky), and thezigzag leafhopper,Reciliador-
salis (Motschulsky). In addition, the small brown pl-
anthopper, Laodelphax striatellus (Falle´n), was cap-
tured by vacuum-suction sampling. In both Bt and
non-Bt plots, S. furciferawas predominant, accounting
for 	93% of all planthopper individuals collected by
all three sampling methods combined. Likewise, N.
cincticeps, constituted 	51% of all leafhoppers cap-
tured. No signiÞcant differences were found between
Bt and non-Bt plots in the average proportions of each
species during thewhole sampling period at theHang-
zhou site.
Another species of leafhopper, N. virescens, was
found in Bt and non-Bt plots using vacuum-suction at
Anji and Jiande instead of T. subrufa in both years. N.
virescens was the predominant species of leafhoppers
at Jiande instead of N. cincticeps. The vacuum-suction
methodwasmore effective for sampling planthoppers
and leafhoppers in Bt and non-Bt rice plots than the
other two sampling methods. Densities of different
planthopper and leafhopper species collected by vac-
uum-suction are shown in Table 1. The densities of
S. furciferawere signiÞcantly affected by test site (F
235.29, df  2, P  0.046). However, rice treatment
(Bt/non-Bt; F  152.32, df  1, P  0.082) and year
(F  148.00, df  1, P  0.07) did not signiÞcantly
affect thedensities ofS. furcifera.Densities ofN. lugens
were signiÞcantly affected by year (F 20.01, df 1,
P 0.042) and test site (F 382.66, df 2, P 0.036),
but not by rice type (F  55.21, df  1, P  0.074).
Densities of L. striatellus were signiÞcantly impacted
by year (F  6012.84, df  1, P  0.001) and test
site (F  3559.49, df  2, P  0.004), but not by rice
type (F  0.031, df  1, P  0.876). The same trends
were found for leafhoppers. Densities of N. virescens,
T. subrufa, andR. dorsaliswere statistically affectedby
year (F  7643.79, df  1, P  0.001 for N. virescence;
F 223.81, df 1, P 0.04 for T subrufa; F 417.54,
df  1, P  0.035 for R dorsalis) and test site (F 
2547.43, df 2, P 0.001 forN. virescence; F 1809.24,
df 2, P 0.017 for T subrufa; F 1809.24, df 2, P
0.017 for R dorsalis), but not by rice treatment (F 
16.70, df 1, P 0.055 forN. virescence; F 0.12, df
1, P 0.762 for T. subrufa; F 5.16, df 1, P 0.151
for R dorsalis), except that densities of N. cincticeps
were signiÞcantly affected by year (F 19.51, df 1,
P 0.048), site (F 21833.72, df 2, P 0.005), and
rice treatment (F  401.77, df  1, P  0.02).
Dispersal of Planthoppers andLeafhoppers. In both
2003 and 2004, yellow sticky card traps revealed that
dispersal of both planthopper and leafhopper adults
between Bt and non-Bt plots was most frequent at the
height of 35 cm. Differences in direction of dispersal
of the predominant species, S. furcifera and N. cincti-
ceps, moving between Bt and non-Bt plots was not
signiÞcantly different at any tested heights of the
trap over the entire sampling period (Figs. 1 and 2).
Densities of the dispersing minor species, N. lugens,
T. subrufa, and R. dorsalis, moving from Bt to non-Bt
plots in 2003 (0.26 0.09, 5.79 1.03, and 6.37 0.87;
mean  SE; n  3) were not signiÞcantly different
than corresponding values reßecting movement from
non-Bt to Bt plots (0.11 0.06, 4.68 0.93, and 4.16
0.70, respectively). The same was true in 2004. The
values were 0.57  0.10, 5.16  0.77, and 4.53  0.82,
respectively, in the direction of Bt to non-Bt, and
0.26 0.09, 4.68 1.11, and 4.16 0.94, respectively,
in the direction of non-Bt to Bt.
Population Dynamics of Planthoppers and Leaf-
hoppers. Data from the Malaise trap indicate that the
patterns of population changes of the predominant
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species, S. furcifera andN. cincticeps,were very similar
in the Bt and non-Bt plots at Hangzhou (Fig. 3). Like-
wise, the results of the vacuum-suction samples re-
vealed no apparent differences in population levels of
the predominant species of planthoppers and leafhop-
pers at any sampling date in Bt and non-Bt plots at
Hangzhou (Fig. 4), Anji (Fig. 5), and Jiande (Fig. 6)
in either year. Exceptions were signiÞcantly more S.
furcifera and less N. cincticeps individuals collected in
the Bt plots at Hangzhou in 2003.
Discussion
Our 2-yr Þeld monitoring results at three sites in-
dicated that transgenic (Bt) cry1Ab/cry1Ac rice did
not signiÞcantly impact the species compositionor the
densities of planthoppers and leafhoppers throughout
thewhole samplingperiod(Table1)anddidnot affect
the population dynamics of the predominant species
(Figs. 2Ð6). No noticeable differences were found in
the total dispersal densities of each species of plan-
thoppers and leafhoppers between Bt and non-Bt
plots. These results are supported by our previous
studies conducted in 2000 using the vacuum-suction
sampling method, which revealed no signiÞcant dif-
ferences in adult and nymph densities of S. furcifera
andN. cincticepsbetween the plots of twoBt rice lines,
i.e., TT9Ð3 and TT9Ð4, and their control (non-Bt)
throughout the rice growing season (Liu et al. 2002).
In a 19921993 studyofBtpotatoes, Reed et al. (2001)
found no marked impacts on the abundance of non-
target sucking insect pests on potato plants, except
that in 1992, leafhoppers were observed in beat-cloth
samples over the entire season from Bt than conven-
tional potato plants. No signiÞcant differences were
evident in population densities of the corn leaf aphid,
Rhopalosiphum maidis (Fitch) (Homoptera: Aphidi-
dae), on Bt and non-Bt corn plants (Wold et al. 2001).
In contrast, leafhoppers, primarily Empoasca fabae
(Harris) (Homoptera: Cicadellidae), were signiÞ-
cantly more abundant in a mixed planting of trans-
genic andnontransgenicBtpotatos than in100% trans-
genic potato Þelds (Riddick et al. 1998). SigniÞcantly
more sucking cotton pests were found on Bt than
non-Bt cotton plants (Cui and Xia 2000). The differ-
ences between our Þndings and those of previous
studies may be related to numerous factors, including
differences in crop, the insertion site, and expression
pattern of the Bt gene after being inserting into the
crop genome; in tritrophic interactions involving Bt
crop plants, their target or nontarget herbivores and
their natural enemies (parasitoids and predators); and
in the competition between target and nontarget her-
bivores of the Bt crop. In other words, it is necessary
to speciÞcally evaluate the impacts of different Bt
crops, even different lines of the same Bt crop, on
nontarget herbivores, so that suitable management
tactics can be applied to nontarget herbivore pests.
Our Þndings that the patterns of population dynam-
ics of planthoppers and leafhoppers on Bt rice were
not signiÞcantly different from those on non-Bt rice
imply that the Þtness parameters (e.g., survival to the
adult stage, male and female weight, male and female
developmental time, fecundity) of planthoppers or
leafhoppers might not be signiÞcantly affected by Bt
rice either. This inference is supported byBernal et al.
(2002) for N. lugens. We may also infer from these
results that the abundance of natural enemies of pl-
anthoppers and leafhoppers may not be impacted by
Bt rice, because planthoppers and leafhoppers are as
available in a Bt rice Þeld as in a non-Bt rice Þeld. To
a certain extent, this supposition is supported by our
previous results that no signiÞcant differences be-
tween the plots of two Bt rice lines and their control
line were found in the abundance of Þve common
spider species regarded as important predators of pl-
anthoppers and leafhoppers (Liu et al. 2002).
Overall, given these results and that Bt rice did not
adversely affect the Þtness parameters ofN. lugens and
Fig. 1. Dispersing adults of S. furcifera and N. cincticeps
captured between Bt and non-Bt plots on yellow sticky card
traps at different vertical heights and facing different plots in
2003 atHangzhou, China. The values aremean SE (n 3).
DAT, days after transplanting; asterisk, rainy day.
Fig. 2. Dispersing adults of S. furcifera and N. cincticeps
captured between Bt and non-Bt plots on yellow sticky card
traps at different vertical heights and facing different plots in
2004 atHangzhou, China. The values aremean SE (n 3).
DAT, days after transplanting; asterisk, rainy day.
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its most important predator, C. lividipennis (Bernal et
al. 2002), the abundance of predominant spider spe-
cies (Liu et al. 2002), the oviposition preference of N.
lugens (Chen et al. 2003), or predation by the wolf
spideronN. lugens feedingonBt rice(Liuet al. 2003a),
we concluded that the Bt rice line tested has no
markednegative effects in the short termonnontarget
planthoppers and leafhoppers and their natural ene-
mies, especially their predators. Thus, the potential
risks of more severe damage by planthoppers and
leafhoppers inBt rice than in its nontransgenic control
are relatively minor, and we can manage their popu-
lations on Bt rice using the same tactics being used in
non-Bt rice Þelds. However, Þeld experiments in this
studyweredesigned todetect largedifferences among
planthopper and leafhopper populations in Bt and
non-Bt rice and were only conducted over 2 yr with a
relatively small plot area and number of replications.
Also, because the densities of natural enemies were
relatively low, the data are not presented in this paper.
Fig. 3. Mean SE number of adult S. furcifera and N. cincticeps captured by Malaise trap in Bt and non-Bt plots in 2003
(left) and 2004 (right) at Hangzhou, China. DAT, days after transplanting.
Fig. 4. MeanSEnumber of S. furcifera andN. cincticeps
captured by the vacuum-suction machine in Bt and non-Bt
plots in 2003 (left) and 2004 (right) atHangzhou, China. (A)
S. furcifera nymphs. (B) S. furcifera adults. (C) N. cincticeps
nymphs. (D) N. cincticeps adults. n 3. Bt point marked * is
signiÞcantly different from non-Bt (P  0.05); otherwise,
there are no signiÞcant differences between Bt and non-Bt,
based on StudentÕs t-test.
Fig. 5. MeanSEnumber of S. furcifera andN. cincticeps
captured by the vacuum-suction machine in Bt and non-Bt
plots in 2003 (left) and 2004 (right) at Anji, China. (A) S.
furcifera nymphs. (B) S. furcifera adults. (C) N. cincticeps
nymphs. (D) N. cincticeps adults. n  3. No signiÞcant dif-
ferences between Bt and non-Bt at any date, based on Stu-
dentÕs t-test.
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Toelucidate the speciÞceffects ofBt riceonnontarget
insect populations over the long term, studies with
larger sample sizes over large spatial scales or periods
of time will be required in the future.
It is important to choose a suitable samplingmethod
for accurately assessing the impacts of Bt crops on
nontarget arthropods under Þeld conditions, as inßu-
enced by the study aims and biological characteristics
of the subject arthropods. In some cases, more than
one suitable sampling method must be used to avoid
drawing inappropriate conclusions. The yellow sticky
card trap only provided information about dispersal of
adult arthropodswith the ability to ßy betweenBt and
non-Bt Þelds, and thus can suitably assess only
whether Bt crops promote dispersal of nontarget in-
sect pests into adjacent non-Bt Þelds. It cannot di-
rectly measure population densities of arthropods, es-
pecially immatures or adults without the capacity of
ßight. Similarly, the Malaise trap only can offer infor-
mation on seasonal abundance of adult arthropods
capable of ßight in the Bt or non-Bt Þelds. In contrast,
the vacuum-suction method is more effective. It can
supply information on population densities of imma-
ture and adult arthropods with andwithout the ability
to ßy and is appropriate to assess the impacts of Bt
crops on any species of arthropods residing on the
surface of crop plants. Given the biological charac-
teristics of the arthropods investigated in this study,
neither theyellowstickycard trapnor theMalaise trap
are suitable for evaluating the potential risk of Bt rice
on planthopper populations when N. lugens is the
predominant species instead of S. furcifera. N. lugens is
dimorphic,with full-winged “macropterous” and trun-
cated-winged “brachypterous” forms. The ßightless
form is predominant in the rice Þeld after coloniza-
tion, in contrast to S. furcifera, which often produces
long-winged form with the ability to ßy (Dale 1994).
Thus, sampling by vacuum-suction should be the pre-
ferred method for detecting the effects of Bt rice on
planthopper populations when the predominant spe-
cies is N. lugens. Consequently, documentation of bi-
ological and ecological information (e.g., the relative
abundanceofdimorphic forms)on subject arthropods
at different trial sites should be referenced before the
choice of sampling methods is made.
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